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Abstract
The theory of non-linear realizations is used to derive the dynamics of the branes of M
theory. A crucial step in this procedure is to use the enlarged automorphism group of the
supersymmetry algebra recently introduced. The field strengths of the worldvolume gauge
fields arise as some of the Goldstone fields associated with this automorphism group. The
relationship to the superembedding approach is given.
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0. Introduction
Many superbranes were constructed using a generalisation of the κ-symmetry [1] first
found in the point particle and later in the string. These included the construction of
the action for the twobrane of M theory [2] and the D-branes in ten dimension [3]. How-
ever, the construction of the dynamics of the most sophisticated brane, the M theory
fivebrane, was achieved [4],[5],[6] using the superembedding formalism [7]. In fact, some
the first brane actions to be constructed were for superbranes in six and two dimensions
[8] using the method of non-linear realizations [9],[10]. This method has some advantages,
namely the construction is entirely group theoretical and the fields have a very natural
interpretation in terms of Goldstone particles for broken symmetries. There now exists a
substantial literature [11][12][13][20] on the construction of superbrane actions using this
method. However, these works are largely confined to branes in dimensions lower than ten
dimensions and the branes in eleven and ten dimensions have not been constructed using
this method.
While the relationship between the superembedding approach and that using κ-
symmetry is well understood in the sense that the κ-symmetry arises as part of the world-
volume supersymmetry which is automatically present in the superembedding approach,
the relationship between these approaches and the approach of non-linear realizations is
not clear although some discussion is given in reference [14].
It is the purpose of this paper to give a systematic method of deriving the dynamics of
some of the more commonly used superbranes using the theory of non-linear realizations.
A crucial step in this construction is to include in the group not only the usual Spin
group, but its generalisation to a much larger automorphism that exists for supersymmetry
algebras whose central charges form an arbitrary matrix. This group was introduced in
reference [15] and applied within the context of the symmetries of the covariant equations
of motion of the M theory fivebrane. In particular, it was shown that the currents for
supersymmetry translations and the second rank central charge arose by expressing the
equations of motion for the fermion, scalars and second rank tensor gauge field respectively
as total derivatives. This suggests that even this brane possessed a construction as a non-
linear realization. It was also shown [15] that the fivebrane possessed a further symmetry
with a rank three generator that was part of the GL(32) automorphism group of the eleven
dimensional supersymmetry algebra with all its central charges. The extra generator was
associated with the two form gauge field of the fivebrane. These large automorphism
groups are only present if one includes sufficient central charges in the supersymmetry
algebra. Indeed, if one includes all the possible central charges in the superalgebra, then
the automorphism group is GL(cd) where cd are the number of Majorana supercharges.
This is the natural generalisation to branes of the Spin and internal symmetry groups that
occur if one considers only point particles and so has only a momentum generator in the
anti-commutator of the supercharges. In the past, many constructions of branes have not
taken into account in the coset construction any automorphisms of the supersymmetry
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algebra. Some notable exceptions that did include the well known Lorentz and internal
groups were given in references [11, 20, 24] which treated some superbranes in six and four
dimensions respectively and the point particle in lower dimensions respectively. As we shall
see, to construct the branes of M theory using the method of non-linear realisations one
must use the much larger automorphism groups. This is consistent with the old result that
the topological charges of branes occur as the central charges in the supersymmetry algebra
[23]. In the approach of non-linear realizations given in this paper, the worldvolume fields
of the superbrane are certain of the Goldstone fields associated with this automorphism
group.
We will also find the relationship between the superembedding approach and that of
the non-linear realizations. In the latter one first derives the Cartan forms from the group
elements and then constructs from them a group invariant dynamics. It was noticed long
ago that for certain choices of groups one could set certain of the Cartan forms to vanish
in a group invariant manner. This was the so-called inverse Higgs effect [16]. We will show
that for the supergroups we consider, we can choose such a constraint on the Cartan forms
which is precisely equivalent to the condition assumed in the superembedding formalism.
1. The Theory of Non-linear Realizations
We first briefly review the theory of non-linear realizations set out by Coleman, Wess
and Zumino [9] and extended by Volkov [10]. Rather than consider a general group we
restrict ourselves to the (super) group G whose generators can be divided into the two sets
K and H. The sets K and H are both supgroups of G and H is the automorphism group,
of K. The generators in each of the above two classes are further divided as K = {K,K ′}
and R = {R,R′}. The generators K and R both form subalgebras of the Lie (super)
algebra G whose associated groups we denote by K and H respectively. The generators of
H are an automorphisms of K. The division of the generators of G into these four classes
corresponds to:
K , unbroken generators associated with positions in (super) space-time,
K ′ , spontaneously broken generators associated with positions in (super) space-time,
R , unbroken automorphism generators,
R′ , spontaneously broken auotmorphism generators.
The automorphism generators include those of the Lorentz group or its covering group
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the corresponding Spin group, in some cases internal group generators, but also other
generators which are not usually considered.
¿From now on we will drop the prefix (super), but it is to be understood to be present.
As will be clear, the objects associated with the group G carry an underlined indices
while those associated with the subgroup G carry no underline. The decomposition of the
former into the latter and the remainder is achieved using unprimed and primed indices
respectively.
We wish to consider the coset G/H. For simplicity we will use an exponential descrip-
tion of group elements and we may then choose the coset representatives to be
g = eX·KeX
′
·K′eφ
′
·R′ (1.1)
In this equation · denotes the relavent summation over the indices. Under any rigid group
transformation g0 we find that
g → g0g = gˆ = e
Xˆ·KeXˆ
′
·K′eφˆ
′
·R′ho (1.2)
where h0 is an element of H. The Cartan forms are given by
g−1dg = F ·K + F ′ ·K ′ + ω′ ·R′ + ω ·R (1.3)
Under equation (1.2) the Cartan forms transform as
gˆ−1dgˆ = h0(g
−1dg)h−10 + h0dh
−1
0 (1.4)
It can happen that the Cartan forms carry a reducible representation of H, in which case,
certain of the forms can be set to zero. This is the so called inverse Higgs effect [16]. It has
the effect of eliminating some of the Goldstone fields in terms of the others. The action or
equations of motion are to be constructed from the Cartan forms in such a way that they
are invariant under the transformations of equation (1.2).
The conventional interpretation of the above equations is to regard the X as the
coordinates of (super) space-time and to take the fields X ′ and φ′ to depend on them. This
leads to a field theory on the coset space G/H. This approach has been almost universally
adopted. However, when considering branes it is more instructive to consider a more
general possibility. The brane is moving through the coset space G/H with tangent group
H and sweeps out a submanifold that has the dimensions of the coset G/H and a tangent
space group H. We therefore consider the representatives of the coset G/H of equation
(1.2) to depend on the variables ξ which parametrises the embedded submanifold. Since
the Cartan forms involve the exterior derivative d they are independent of the coordinate
system used. The Cartan forms associated with K are given by F · K = dξ · F · K and
similarly for the other Cartan forms. We can think of the F in this equation as the vielbein
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on the embedded submanifold. The covariant derivatives of the Goldstone fields associated
with K ′ are defined by
F ′ ·K ′ ≡ F ·∆X ′ ·K ′ = dξ · F−1 · F ′ ·K ′. (1.5)
The ∆X ′ are independent of reparamenterisations. A similar construction can be made for
the covariant derivatives of φ′. When identifying the fields that can be set to zero, i.e. use
the inverse Higgs mechanism, we must not only maintain the G invariance of equation (1.2)
and also reparameterisation invariance. In effect, this means setting only those covariant
derivatives of the Goldstone fields in equation (1.5) that transform in a covariant manner
under h0 to zero. The equations of motion, or action, are to be constructed from the
vielbein and the covariant derivatives of the Goldstone fields that remain. In this way
one can find a formulation of brane dynamics that is reparameterisation invariant and
also invariant under the rigid G transformations of equation (1.2). From this approach we
can recover the more conventional approach by using the reparameterisation invariance to
choose static gauge, i.e. X = ξ for those coordinates that lie in the brane directions.
2. Bosonic Branes
In this section we will show that the dynamics of bosonic p-branes in a flat background
in D dimensional space-time arises as a non-linear realization in the sense of the previous
section. We take G = ISO(D − 1, 1) with K = {Pn} and H = {Jnm} where n,m =
0, 1 . . . , D−1 andG = ISO(p, 1) withK = {Pn} andH = {Jnm} where n,m = 0, 1, . . . , p+
1. This is to be expected as the presence of the p-brane clearly breaks the background
space-time group ISO(D − 1, 1) to ISO(p, 1). The Lie algebra of ISO(D − 1, 1) is given
by
[Jnm, Jpq] = −ηnpJmq − ηmqJnp + ηnqJmp + ηmpJnq (2.1)
[Pn, Jpq] = +ηnpPq − ηnqPp (2.3)
We can write the coset representatives in the form
g(X, φ) = exp(XnPn +X
n′Pn′)exp(φ
nm′Jnm′ + φ
n′m′Jn′m′)
≡ exp(XnPn)exp(φ · J) (2.4)
We distinguish X from X ′ by the indices they carry, in other words the prime on the X is
understood to be present and we just write Xn
′
. The Cartan forms are given by
g−1dg ≡ enPn + f
n′Pn′ + Ω
nm′Jnm′ +Ω
n′m′Jn′m′ + w
nmJnm (2.5)
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which we may express as
g−1dg = exp(−φ · J)(dXnPn)exp(φ · J) + exp(−φ · J)dexp(φ · J) (2.6)
A straightforward calculation shows that
en = dXmΦm
n = −2φnm
′
dXm′ + dX
n + . . .
fn
′
= dXmΦm
n′ = 2φm
′n′dXm′ − 2φ
n′mdXm + dX
n′
Ωnm
′
= dφnm
′
+ 2(−φp
′m′dφ np′ + φ
p′ndφ m
′
p′ )
Ωn
′m′ = dφn
′m′ + ((φp
′n′dφ m
′
p′ + φ
pn′dφ m
′
p − (n
′ ↔ m′)), wnm = (φp
′ndφ mp′ − (n↔ m))
(2.7)
where Φn
m is defined by exp(−φ · J)Pnexp(φ · J) = Φn
mPm and + . . . means higher order
terms in φnm.
Under a group transformation, g0g(X, φ) = g(Xˆ, φˆ)h0, the Cartan forms transform
by the Jnm transformations with associated parameter r
nm in accord with equation (1.4).
The effect of the Pn transformations in g0 is to simply transform the X
n. Writing h0 =
1 + rnmJnm. we find that
eˆn = en − epr np , fˆ
n′ = fn
′
, Ωˆnm
′
= Ωnm
′
+ 2rpnΩ m
′
p − 2r
pm′Ω np (2.8)
wˆnm = wnm − 2(rnpw mp − (n↔ m)) + dr
nm (2.9)
to lowest order in rnm.
Clearly, we can set fn
′
= 0 and preserve SO(1,D-1) and reparameterisation symmetry.
At the linearized level, examining equation (2.7) we find it implies that dXn
′
= 2φn
′
mdX
m
or
2φn
′
m =
∂ξp
∂Xm
∂Xn
′
∂ξp
(2.10)
If we choose static gauge this equation becomes,
2φn
′
m =
∂Xn
′
∂Xm
, (2.10)
While solving for fn
′
= 0 to all orders may be complicated it is clear that its content is to
solve for φn
′
m in terms of ∂mX
n′ .
What is really of interest to us is the non-linear form of en once we have solved this
constraint. Examining equation (2.7) we find that the vector fn ≡ (en, fn
′
) is related by
a Lorentz transformation to the vector (dXn, dXn
′
) = dXn. As such,
e np ηnme
m
q = ∂pX
n∂qX
mηnm (2.11)
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since fn
′
= 0. The above expression is invariant under g0 transformations. A worldvolume
reparameterisation and group invariant action is therefore given by
∫
dpξ dete =
∫
dpξ
√
−det(∂pXn∂qXmηnm) (2.12)
In other words, the well known generalisation of the Nambu action for the string to a p-
brane follows in a straightforward consequence of taking the non-linear realization ISO(D−
1, 1) with subgroup SO(p, 1).
Clearly, had we not included the Lorentz group in our coset and introduced the cor-
responding Goldstone bosons the veilbein on the brane would have been trivial and we
would not have found the above action.
3. Superbranes
For superbranes we take the supergroup G to be that considered in [15] and applied
there to the context of M theory. In accord with section one it has the two subgroups K
and H. The generators of K obey the relations
{Qα, Qβ} = Zαβ , [Qγ, Zαβ ] = 0, [Zαβ , Zγδ] = 0, (3.1)
while those of the automorphism group H satisfy
[Qα, Rγ
δ] = δα
δQγ , [Zαβ , Rγ
δ] = δα
δZγβ + δβ
δZαγ . (3.2)
The generators Zαβ are Grassmann even generators labeled by spinor indices. They are
obviously symmetric in these indices. It is easy to verify that such an algebra obeys the
generalized super Jacobi identities. Let us assume that the generators Zαβ form the most
general symmetric matrix. Expanding this matrix out in terms of the enveloping algebra
of the generators of the relevant Clifford algebra we find that Zαβ contains a set of totally
anti-symmetric tensorial generators which constitute the central charges:
Zγ
δ =
∑
p
∑
n
1
...n
p
(γn1...npC−1)γ
δZn
1
...n
p
. (3.3)
The central charges include the momenta Pn ≡ Zn. Both the eleven dimensional and the
six dimensional superalgebras associated with the fivebrane equations of motion have a
supersymmetry algebra in which the central charges form the most general matrix [18,15].
In the latter case one must take an appropriate index range for the indices α, β . . .. The
corresponding superalgebras in the IIA and IIB theories for which the Zαβ form the most
general matrix in ten dimensions are well known.
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The automorphism group is GL(cd) where cd is the number of supercharges. The
precise properties of the matrices under complex conjugation being given by implementing
the Majorana or other properties of the spinorial supercharge on the commutator rela-
tion of the supercharge with the automorphisms. For the case of the eleven dimensional
superalgebra it is GL(32)
To gain a more familiar set of generators we may expand Rγ
δ out in terms of the
elements of the enveloping Clifford algebra
Rγ
δ =
∑
p
∑
n
1
...n
p
(γn1...np)γ
δRn
1
...n
p
. (3.4)
If the only central charge is the momentum then the right-hand side of the anti-
commutator of two supercharges is γnPn. In this case, the most general automorphism
group is by definition the spin group. Hence, the automorphism group GL(32) is the
natural generalisation to branes of the spin group relavent to point particles. In the above
expansion the generators Rnm are those of the Spin Lie algebra.
The automorphism group has been found to be relavent to the dynamics of the five-
brane, In particular, its covariant equations of motion [4] have been found [15] to possess
additional conserved currents beyond those associated with Spin transformations, central
charges and supersymmetry. These new currents lead to conserved charges that generate,
at the classical linearized level, a subalgebra of the automorphism group.
We may also consider a subgroup of the full automorphism group. One such is given by
the set of symmetric matrices, these form the Lie algebra of Sp(cd). The generators of this
subalgebra are Sγδ = Rγδ +Rδγ where Rγδ = Rγ
β(C−1)βδ. Clearly, in the decomposition
of equation (3.4) this means keeping only those terms for which the symmetric matrices
enter. In eleven dimensions these are the generators Rn
1
...n
p
of ranks one, two and five.
The commutator of the generators Sγδ with the supercharges is given by
[Qα, Sγδ] = (C
−1)αδQγ + (C
−1)αγQδ. (3.5)
We divide the generators in K into Qα = (Qα, Qα′) and Zαβ = (Zαβ , Zαβ′ , Zα′β′) and
the generators of H as Rγ
β = (Rγ
β , Rγ′
β, Rγ
β′ , Rγ′
β′). We take the Lie superalgebra of
the group G to contain the generators Qα and Zαβ as well as some of the generators Rγ
δ
Initially, we will take the non-linear realization approach to the superbrane in which
the coset representatives are parameterised by the coordinates on the brane and the trans-
verse fields. Proceeding in this way, we will find the expressions for the superbrane in
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static gauge. As such, the coset representatives of G/H are written as
g = eX
αβZαβ+θ
αQαeX
αβ′Zαβ′+X
α′β′Zα′β′+Θ
α′Qα′ eφ
′
·R′ (3.6)
where φ′ · R′ is a sum that includes all the generators in H, except for those in H. The
Cartan forms are given by
g−1dg = e−φ
′
·R′deφ
′
·R′+
e−φ
′
·R′(Y αβZαβ + Y
αβ′Zαβ′ + Y
α′β′Zα′β′ + dθ
αQα + dΘ
α′Qα′)e
φ′·R′
≡ FαβZαβ + F
αβ′Zαβ′ + F
α′β′Zα′β′ + F
αQα + F
α′Qα′ + e
−φ′·R′deφ
′
·R′ , (3.7)
where Y αβ = dXαβ + 1
4
(θαdθβ + θβdθα), Y αβ
′
= dXαβ
′
− dθαdΘβ
′
and Y α
′β′ = dXα
′β′ +
1
4
(Θα
′
dΘβ
′
+Θβ
′
dΘα
′
)
In order to gain some understanding of the physical content of the formalism we will
begin by giving a linearized analysis. To lowest order in φδ
γ the Cartan forms are given
by
Fα = dθα + dΘδ
′
φδ′
α + dθδφδ
α, Fαβ = Y αβ + Y αδ
′
φδ′
β + Y αδφδ
β + Y βδφδ
α,
Fα
′
= dΘα
′
+ dΘδ
′
φδ′
α′ + dθδφδ
α′ ,
Fα
′β′ = Y α
′β′ + Y α
′δ′φδ′
β′ ++Y β
′δ′φδ′
α′ + Y α
′δφδ
β′ + Y β
′δφδ
α′ ,
Fαβ
′
= Y αβ
′
+ Y αδ
′
φδ′
β′ ++Y β
′
φδ′
α + Y αδφδ
β′ + Y δβ
′
φδ
α (3.8)
We wish to place constraints on the Cartan forms that respect the group G and lead
to the equations of motion of the superbrane. Taking the Goldstone fields to be of order
one and the coordinates Xαβ and θα to be of order zero, we will first carry out a linearized
analysis. As explained in section one, the equation of motion are given by setting certain
of the covariant derivatives in the Goldstone fields to vanish. As such, we will only require
the supervielbein to order zero. It is straightforward to read it off from equation (3.8) and
we find that
F =
(
1
2
(δαγ δ
β
δ + δ
β
γ δ
α
δ ) 0
−1
4
(δαγ θ
β + δβγ θ
α) δαγ
)
(3.9)
We can also read off the linearized Cartan forms from equation (3.8) and, multiply-
ing the result by the inverse supervielbein, we find that the covariant derivatives of the
Goldstone fields are given by
∇αΘ
α′ = DαΘ
α′ + φα
α′ , ∇γδΘ
α′ = ∂γδΘ
α′ ,
∇γX
αβ′ = DγX
αβ′ − δαγΘ
β′ , ∇γδX
αβ′ = ∂γδX
αβ′ +
1
2
(δαγ φδ
β′ + δαδ φγ
β′) (3.10)
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where
Dα ≡ ∂α +
1
2
θδ∂γδ, ∂γδ ≡
∂
∂Xγδ
(3.11)
It is a consequence of the linearized analysis that φγ
β′ is the only part of φγ
β that enters
any of these expressions. The covariant derivatives of the other Goldstone fields will not
interest us here.
We now choose the group H to be just the Lorentz group. The Cartan forms carry a
very reducible representation with respect to this subgroup and hence with respect to G.
Consequently, we may choose many of the covariant derivatives of the Goldstone fields to
vanish. In fact, we will choose the set
∇γΘ
α′ = 0, (3.12)
∇γX
αβ′(γn
′
C−1)αβ′ = 0 (3.13)
and
∇γδΘ
α′ −
2
rp
(γnC−1)γδ(γ
nC−1)αβ∇αβΘ
α′ = 0 (3.14)
where rp is the number of supercharges in G. The superspaces defined by the above
coset space construction contain many central charge associated coordinates in addition
to the usual Minkowski coordinates. The Grassmann even coordinates of the background
superspace G/H include the coordinates Xn ≡ Xαβ
′
(γnC−1)αβ of Minkowski space, but
also all the other coordinates corresponding to the expansion of the supercharge of equation
(3.3). Similarly, the coset space G/H on which the above superfields are defined includes
the Minkoswki space coordinatesXn ≡ Xαβ
′
(γnC−1)αβ as well as a corresponding number
of other Grassmann even coordinates associated with the central charges in G other than
the momentum.
Equation (3.14) sets the central charge dependence of Θβ
′
to be trivial except for the
dependence on the coordinates Xn. Equation (3.13) then implies that Xn
′
has the same
dependence. As such, the above equations are equivalent to the conditions
DαΘ
β′ = −φα
β′ (3.15)
and
DγX
n′ = (γn
′
C−1)γδ′Θ
δ′ (3.16)
where all the superfields Θβ
′
, Xn
′
and φα
β′ depend only on Xn and θα. It is known [17]
from the superembedding approach that these equation imply the correct field content and
equations of motion for most of the superbranes including the 2 and 5-branes of M theory.
Let us study the consequences of these equations for the branes in M theory. We
must decompose the eleven dimensional Clifford algebra to one that keeps manifest the
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Clifford algebra appropriate to the brane. This results in a corresponding decomposition
of the spinor index α = (α, i). For the fivebrane α = 1, . . . , 4 are the Weyl projected spinor
indices of Spin(1,5) and i = 1, . . . , 4 are the indices of the internal group Usp(4) = Spin(5)
while for the twobrane α = 1, 2 are the spinor indices of Spin(1,2) and i = 1, . . . , 8 are
indices of Spin(8). The analysis of equation (3.16) depends only on the properties of this
decomposition of the eleven dimensional Clifford algebra. For the fivebrane of M theory it
implies that [17]
DαiΘβ
j ∼ −(/∂)αβ(γn′)i
jXn
′
+ δji (γn1n2n3)αβh
n1n2n3 (3.17)
where hn1n2n3 is the self-dual gauge field strength of the fivebrane. At the linearized level,
the field hn1n2n3 obeys the Bianchi identity implying it is the curl of a second rank gauge
field in addition to being self-dual. This relation follows from the constraint of equation
(3.16) by applying further covariant derivatives.
For the twobrane we find that
DαiΘβ
j ∼ −(/∂)αβ(γn′)i
jXn
′
(3.18)
Equation (3.15) implies that the Goldstone field φβ
′
α associated with the automorphism
group H is non-vanishing. Expanding
φγ
δ =
∑
p
∑
n
1
...n
p
(γn1...np)γ
δφn
1
...n
p
. (3.19)
we find that both for the fivebrane and the twobrane that φn
m′ ∼ ∂nX
m′ which is the same
as the condition of equation (2.10) for the bosonic brane. It relates the Goldstone fields for
the broken Lorentz generators to the derivative of Goldstone fields of broken translations.
However, for the fivebrane we find in addition that the field strength for the self-dual gauge
field is related to the Goldstone fields for broken generators of the automorphism group
GL(32), in particular hn1n2n3 ∼ φn1n2n3 . We note that these generators are the Rnmp
contained in equation (3.4) and that these generators are not contained in the subgroup
Sp(32). This is consistent with the existence of the additional rank three conserved current
found [15] in the covariant equations of motion of the fivebrane.
The non-linear realization described above contains more Goldstone superfields than
those of equations (3.15) and (3.16). One could consider imposing more constraints gener-
alizing that of equation (3.16) to include the covariant derivatives of the Goldstone fields
associated with the central charges. These would determine these additional fields in terms
of the fields that we have already. In particular, one could impose a constraint the implies
that the Goldstone field associated with the central charge Znm is the second rank gauge
field of the fivebrane.
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It is not clear that the choice of subgroup H and the related constraints of equa-
tions (3.12) to (3.14) are the unique choice that leads to the correct dynamics. Indeed, it
would be interesting to explore other choices. In particular, one could also consider con-
straints which allow the superfields to depend on the central charges of the six dimensional
subalgebra, but in a rather restricted way.
To make contact with the superembedding formalism, and to carry out an all orders
analysis, it will be convenient to adopt a different parameterisation of the coset repre-
sentatives. As explained in section one, we can take the Goldstone fields to depend on
the coordinates of the superembedded manifold and treat the transverse and longitudinal
coordinates of the superbrane on an equal footing. This allows us to work in a superrepa-
rameterisation invariant manner and not choose superstatic gauge as above. As such, we
choose our coset representatives to be
g = e
X
αβ
Zαβ+Θ
αQαeφ
′
·R′ (3.20)
Where the coordinates ZM ≡ (Xαβ,Θα), are not be confused with the central charges
Zαβ , depend on the coordinates, z
M = (ξαβ, θα) that parameterise the superbrane. The
transformation from the fields of equation (3.6) to that in the above equation is obtained
by choosing superstatic gauge Xαβ = ξαβ, Θα = θα and making the shift
Xαβ
′
→ Xαβ
′
+
1
2
θαΘβ
′
, (3.21)
with all the other fields being the same. Constructing the Cartan forms as before, we find
that
g−1dg = e−φ
′
·R(EAKA)e
φ′·R′ + e−φ
′
·R′deφ
′
·R′
≡ FAKA + e
−φ′·R′deφ
′
·R′ (3.22)
In this equation the index A = (γδ, γ) and the one forms EA ≡ dZΠEM
A contain the
supervielbeins EM
A of the background superspace and have the form
EM
A =
(
1
2
(δ
α
γ δ
β
δ + δ
β
γ δ
α
δ ) 0
−1
4
(δ
α
γΘ
β + δ
β
γΘα) δ
α
γ
)
(3.23)
Defining e−φ
′
·R′(KA)e
φ′·R′ ≡ ΦA
BKB we find that
FA = EBΦB
A (3.24)
The dynamics of the non-linear theory should be given by imposing the constraints of
equations (3.12) to (3.14) where the derivatives are now defined for the full theory. In the
next section we will argue that these constraints correctly encode the non-linear dynamics
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of the brane. It would be interesting to examine the implications of these constraints
in detail and to see in particular what they imply for all the Goldstone fields associated
with the automorphism. For those superbranes that have a straightforward action, it is
possible that the supervielbein on the superbrane that arises in the non-linear realization
will play an essential role in defining the action as it does for the case of the bosonic brane
considered in section one.
4. Relation to the Superembedding Formalism
In the superembedding approach [7] we consider one supermanifold M embedded in
another M . The preferred vector fields on the former are given by EA = EA
M∂M , where
EA
M are the inverse supervielbein, while those on the latter are EA = EA
M∂M . The fields
on M must point somewhere in M as is expressed by the equation
EA
M∂M = EA
AEA
M∂M . (4.1)
The assumption in the superembedding approach is that
Eα
a = 0. (4.2)
This states that the Grassmann odd preferred vector fields in M can be expressed in
terms of only the Grassmann odd vector fields in M . Although the elegant simplicity of
this assumption is apparent, its deeper meaning is still unclear. For many branes, and
certainly many of the most interesting ones, this single assumption is sufficient to put the
theory on-shell and determine its complete equations of motion [17]. This is the case for
the twobrane and fivebrane of M theory.
We may re-express equation (4.1) as
dzMEM
AEA
B = dzM∂MZ
ΛEΛ
B (4.3)
Multiplying by ΦB
C , identifying the supervielbien on the embedded super manifold with
the Cartan form in theKA directions, i.e. EM
A = FM
A, and recognizing FA from equation
(3.22) we conclude that
FA
B ≡ EA
MFM
B = ∇AZ
B = EA
CΦC
B (4.4)
The Φ defined above equation (3.24) are constructed from the Goldstone fields associated
with the automorphism group. They form an invertible matrix and also must have indices
such that they are always Grassmann even; implying for example that Φβ
b = 0. It follows
from equation (4.4) that the inverse Higgs condition
F
a
α = 0, (4.5)
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is the necessary and sufficient condition for the embedding condition of equation (4.2).
However, the superembedding formalism uses superfields that do not depend on the central
charges other than the usual coordinates of Minkowski space. Hence, provided we adopt
the inverse Higgs conditions of equations (3.12), (3.13) and (3.15) we should find that
they describe the dynamics of the full non-linear theory. This follows because equation
(3.13) is just the condition of equation (4..5), equation (3.14) eliminates the dependence of
the superfields on the coordinates associated with the central charges and equation (3.12)
identifies the automorphism Goldstone fields in terms of the fields of the brane. We note
that the first two inverse Higgs conditions can be written as Fα
A = δ
A
α .
The relationship between the inverse Higgs mechanism and the superembedding con-
dition has been previously discussed in the context of superbranes in lower dimensions
and their construction as non-linear realizations [14], [20]. However, in these cases the
dynamics of the branes are not determined by the embedding condition of equation (4.5).
It would be interesting to apply the methods developed in this paper to branes of this
type.
Identifying the supervielbien FMA in the non-linear realization approach with the super-
vielbein of the superembedding approach implies that FA
B = δA
B and, as a consequence,
EA
BΦB
B = δA
B . Taking fermonic indices, and including the above condition of equation
(4.5), we conclude that Eα
βΦβ
γ = δα
γ . We can however choose a set of frames normal
to the superbrane. By expressing these vector fields in terms of the preferred frames of
the background superspace, we can define an extension of the EA
B to EA
B . Making this
extension in an appropriate way we conclude that EA
B is the inverse of the ΦA
B . Thus
the Goldstone fields associated with the automorphism group specify the relation between
preferred frames associated with the branes and those in the background superspace.
Although the superfields do not in the end depend on the central charges, without the
central charges in the original algebra one would not have the large automorphism group
which is essential for the theory to contain the fields of the brane. This is apparent as a
consequence of the discussion of the above paragraph, however, another way to observe
this fact is to note that the supervierbeins on the embedded manifold would be essentially
trivial if we had not included the Goldstone fields for the automorphism group.
5. Conclusion
We have shown that the branes of M theory and, by reduction, those in ten dimensions
can be described by the theory of non-linear realization provided we use a superalgebra
that has the large automorphism group considered in [15]. Indeed, the field strengths of the
worldvolume fields of the brane arise as the Goldstone bosons for the automorphisms. It is
a widely held belief that branes correspond to the low energy effects of a defect in space-
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time the breaks certain symmetries. We have shown in this paper that their dynamics is
essentially determined by a knowledge of which symmetries are broken.
In reference [19] it was explained how the fields of the branes arise as zero modes of
the the corresponding background supergravity theory. It would be interesting understand
the connections between that work and that of this paper. It would also be interesting to
find if there are connections between the non-linear realization proposed in this paper and
the coset consider in reference [14] which was based on the Osp groups.
The necessity of including at least parts of the GL(32) automorphism group in the
construction of the non-linear realization of the branes of M theory supports the idea
proposed in [15] that this symmetry may play an important role in M theory.
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